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Objectives: To	perform	a	three‐dimensional	evaluation	of	 the	position	of	 the	con-
dyles	in	patients	treated	with	Herbst	appliance	(HA)	in	two	stages	of	cervical	verte-
bral	maturation.
Setting and sample population: Retrospective	case‐control	study.	Pubertal	Herbst	
group	(PHG;	n	=	24,	mean	age	14.5	years,	CS	3	and	CS	4)	and	pre‐pubertal	Herbst	
group	(PPHG;	n	=	17,	mean	age	9.9	years,	CS	1	and	CS	2)	were	contrasted	with	com-
parison	 groups	 of	 non‐orthopaedically	 treated	 Class	 II	 patients	 in	 pubertal	 (PCG;	
n	=	17,	mean	age	13.9	years)	and	pre‐pubertal	maturational	stages	 (PPCG;	n	=	18,	
mean	age	10.6	years).








rotations	 from	T0	 to	T1	were	observed	 in	Herbst	and	comparison	groups,	and	no	
significant	difference	was	found	between	pre‐pubertal	and	pubertal	patients.
Conclusions: Regardless	 the	 stage	 of	 skeletal	 maturation,	 HA	 treatment	 did	 not	
change	the	condyle‐glenoid	fossa	relationship.
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that	 orthopaedic	 treatment	with	mandibular	 advancement	 devices	 be	
used	during	this	stage	of	maturation	to	obtain	optimal	skeletal	effects.2 








poromandibular	 joint	 (TMJ)	 following	 HA	 treatment	 at	 different	
stages	of	maturation	also	might	be	different.
To	date,	most	studies	on	condylar	positional	changes	following	
HA	 treatment	 have	 been	 performed	 using	 two‐dimensional	 (2D)	
cephalometric	 imaging	 or	magnetic	 resonance	 imaging	 (MRI)	 and/
or	computed	tomography,	still	relying	on	2D	multiplanar	assessment	
of	the	changes	in	condylar	position.7‐17	Unfortunately,	2D	methods	
have	 questionable	 validity	 and	 reproducibility	 due	 to	 differences	
in	 magnification,	 distortion	 and	 problems	 related	 to	 patient	 posi-
tioning.	Multiplanar	topographic	assessments	provide	an	improved	
method	relative	to	2D	cephalometry,	but	also	have	limitations	in	that	
anatomic	 landmarks	might	not	be	 in	 the	same	plane	of	 space,	and	




changes	 in	 the	 condyle.	 3D	 studies	 of	 HA	 therapy,	 however,	 are	
not	 in	 full	 agreement	 regarding	changes	 in	 condylar	position	after	












spatial	 changes	 in	 the	 condyle	of	patients	 treated	during	pubertal	
and	pre‐pubertal	stages	of	skeletal	maturation.
2  | MATERIAL S AND METHODS
2.1 | Study design and sample





consecutive	 orthodontic	 records	 from	 two	 universities	 databases	





























The	HA	 group	was	 divided	 further	 into	 a	 pre‐pubertal	 group	
(PPHG,	n	=	17,	mean	age	9.9	±	1.9	years	at	T0,	mean	treatment	time	





treatment	 time	 10.2	 months,	 CS1	 and	 CS2)	 and	 pubertal	 group	
















image	 obtained	 with	 the	 patient's	 teeth	 in	 maximum	 intercuspa-
tion.	For	the	patients	treated	with	the	Herbst	appliance,	the	CBCTs	




The	 image	 analysis	 procedures	 were	 performed	 using	 ITK‐SNAP	
(open‐source	 software,	 www.itksn	ap.org)	 and	 3D	 SLICER	 CMF	
(open‐source	software,	www.slicer.org).	The	sequence	included	the	
following:	(a)	virtual	3D	surface	models	construction;	(b)	head	orien-
tation	of	 the	T0	scans	 in	 the	same	Cartesian	coordinate	system25; 
(c)	manual	approximation	to	achieve	the	best	 fit	of	T1	scans	 in	T0	
pre‐oriented	scans,	using	the	inner	surface	of	the	roof	of	the	glenoid	
fossa	 roof	 as	 reference	 for	 independent	 right	 and	 left	 side	 super-





To	avoid	bias	 in	the	 identification	of	the	 landmarks,	the	pre‐la-
belling	of	 five	 skeletal	 landmarks	 in	 the	T0	oriented	and	T1	 regis-
tered	 scans	 was	 performed	 simultaneously	 in	 multiplanar	 views	
F I G U R E  1  Flowchart	of	the	sampling	
process	[Colour	figure	can	be	viewed	at	
wileyonlinelibrary.com]
F I G U R E  2  Herbst	appliance	treatment	of	a	pre‐pubertal	patient.	(A,	E	and	H,	I)	Pre‐treatment;	(B	and	F)	immediately	after	Herbst	
appliance	insertion;	(C)	two	months	after	Herbst	appliance	insertion;	(D,	G,	J	and	K)	the	Herbst	appliance	was	removed	after	eight	months	of	
treatment	[Colour	figure	can	be	viewed	at	wileyonlinelibrary.com]
(A) (B) (C) (D)
(H) (I) (J) (K)
(E)
(F) (G)
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(sagittal,	axial	and	coronal;	Figure	4),	using	 two	 independent	com-




The	 sagittal	 slice	 parallel	 to	 the	 mid‐sagittal	 plane,	 passing	








(1)	 the	most	 superior	 point	 of	 the	 contour	 of	 the	 condyle;	 (2)	 the	
most	anterior	point	of	the	contour	of	the	condyle;	(3)	the	most	poste-
rior	point	of	the	contour	of	the	condyle.	Translation	of	the	condyles	





















Data	 analysis	 was	 performed	 with	 SPSS	 software	 (version	 21.0;	
Chicago,	 IL).	The	same	operator	 (P.L.C.V.)	performed	 the	orientation	
of	 the	scans,	 the	volumetric	superimposition	and	the	measurements	




























server	 agreement	 measurements	 were	 tested	 using	 intraclass	
correlation	 coefficients	 (ICC),	 with	 a	 confidence	 level	 of	 95%.	
Intrarater	agreement	for	CVM	method	was	tested	with	weighted	
kappa.	 Random	 error	 was	 measured	 according	 to	 Dahlberg's	












HPG CPG HPPG CPPG
P valve* Meanb SD Mean SD Mean SD Mean SD
Condylar 
translation
X R 0.00 0.01 0.00 0.01 −0.03 0.07 0.07 0.13 .056
L 0.00 0.01 −0.01 0.01 −0.02 0.03 −0.04 0.07 .125
Y R 0.06 0.72 0.08 0.82 0.26 1.52 0.09 0.42 .247
L 0.12 0.64 −0.34 0.91 0.28 1.24 −0.11 0.39 .194
Z R 0.05 0.52 −0.05 0.46 0.31 1.17 −0.09 0.74 .485
L 0.08 0.87 −0.09 0.67 0.68 0.94 −0.16 0.92 .312
3D R 0.08 0.89 0.09 0.94 0.41 1.92 0.15 0.86 .674
L 0.14 1.08 0.35 1.13 0.74 1.56 0.20 1.00 .134
Condylar 
rotations
Pitch  −2.36 2.97 1.08 −0.13 −3.01 4.58 2.53 6.23 .058
Roll  1.62 4.46 1.97 1.57 3.29 3.99 2.62 6.26 .144
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From	 the	 records	 of	 1328	 consecutive	 patients	 treated	 at	 the	
two	Graduate	Programs	 in	Orthodontics,	1134	were	excluded	be-




































of	 Herbst	 appliance	 treatment.	While	 significant	 condylar	 growth	
might	not	be	achievable	with	early	Herbst	treatment,1,2	it	is	impor-
tant	for	clinicians	to	know	whether	early	treatment	of	Class	II	maloc-
clusion	 is	 indicated	 for	psychosocial	 problems	or	 increased	 risk	of	
incisor	trauma.	The	concern	that	the	condyles	will	be	displaced	into	
a	 pathological	 position	 is	 not	 supported	 by	 the	 data	 generated	 in	
this	study.










device.	They	found	that	 ‘improved dental occlusion was not achieved 







With	 regard	 to	 Herbst	 appliance	 treatment,	 previous	 reports	
mostly	 had	 used	 2D	 assessments	 and	 measurements	 of	 condylar	
spatial	changes.7‐17	The	current	study	utilized	3D	assessment	of	five	
landmarks	 located	around	 the	 condyle,	 along	with	visual	 analytics	
tools	 such	 as	 semi‐transparent	 overlays	 of	 3D	models	 and	 colour	
mappings	 to	 provide	 a	 qualitative	 and	 visual	 tool	 to	 validate	 the	
objective	measurements.	In	addition,	this	study	used	regional	volu-
metric	superimposition	of	each	glenoid	fossa	to	avoid	the	problems	
associated	with	 transverse	 craniofacial	 growth,	which	may	 impact	











Bone	 remodelling	 in	 the	 superior	 and	 posterior	 regions	 of	 the	
condyle28	 and	 in	 the	 inner	 surface	 of	 the	 fossa29	 may	 have	 been	
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one	 of	 the	 factors	 that	 contributed	 to	 the	 reestablishment	 of	 the	
condyle‐fossa	relationship	during	HA	treatment;	however,	with	the	
current	 study	methodology,	 this	 type	of	 bone	 remodelling	 cannot	
be	measured.
3D	studies	have	suggested	compensatory	TMJ	bone	growth	re-














connective	 tissues	 surrounding	 the	 mandible	 have	 been	 associ-
ated	with	the	pull	of	the	condyle	back	into	the	fossa	after	surgical	








ular	 capsule,	 articular	 ligaments	 and	 lateral	 pterygoid	muscles	 are	
attached	around	the	head	of	the	condyle	and	play	an	important	role	
in	the	movement	of	the	head,	the	mandible	and	the	articular	disc.
The	TMJ	musculature,	 however,	 has	been	 studied	more	 than	
other	soft	tissues.	Animal	studies	have	shown	cellular,	structural	
and	 functionality	 adaptive	 changes	 in	 the	 lateral	pterygoid	mus-
cle	 after	protrusion	of	 the	mandible.33,34	These	 change	not	only	















between	groups	of	 1mm.	Thus,	 the	 current	 absence	of	 difference	
between	 groups	 must	 be	 analysed	 taking	 into	 consideration	 this	
arbitrarily	 given	 clinically	 acceptable	 distance	 difference	 between	






(external	 validity)	 of	 the	 study	 results.	 A	 prospective	 randomized	
clinical	trial	would	compensate	for	such	weaknesses,	and	however,	
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